The vertically averaged deviatoric stress tensor field within the western United States was determined with topographic data, geoid data, recent global positioning system observations, and strain rate magnitudes and styles from Quaternary faults. Gravitational potential energy differences control the large fault-normal compression on the California coast. Deformation in the Basin and Range is driven, in part, by gravitational potential energy differences, but extension directions there are modified by plate interaction stresses. The California shear zone has relatively low vertically averaged viscosity of about 10 21 pascal⅐seconds, whereas the Basin and Range has a higher vertically averaged viscosity of 10 22 pascal⅐seconds.
Deformation within the western United States is distributed over hundreds of kilometers and is spatially complex. The Basin and Range is experiencing northwest-southeast extension, whereas the Pacific (PA)-North American (NA) Plate boundary is dominated by strikeslip earthquakes and compressional events near the coast of California. The Great Valley and Colorado Plateau (Fig. 1 ) remain relatively undeformed. Recent space-based geodetic measurements allowed accurate quantification of active strain rates throughout the western United States (1, 2) . Elsewhere, we have estimated a self-consistent velocity and strain rate field (2) determined with global positioning system (GPS) and very long baseline interferometry (VLBI) data (1) in the Basin and Range, Quaternary fault data for all onshore regions (3) , and imposed NUVEL-1A (4) PA Plate motion (Fig. 1) . The next step in continental dynamics involves understanding how the kinematics within this diffuse plate boundary zone relate to the forces driving deformation (5, 6) . Models of extensional driving forces in the Basin and Range can be grouped into three categories (7): plate boundary forces (8) , basal tractions (9), and buoyancy forces (10, 11) . Many agree that any single one of these mechanisms is insufficient to drive all the deformation in the PA-NA boundary zone (7, 12) . To date, the individual contributions these forces make to the stress tensor field have not been quantified, and thus their relative role in influencing the deformation field has remained speculative.
Here, we quantify the individual stress field contributions from gravitational potential energy (GPE) variations within the lithosphere (buoyancy forces) and PA-NA Plate interaction (boundary forces), assuming the effects of basal tractions to be negligible (13) . We estimated the GPE variations within the western United States using topographic (14) and geoid data (15). By treating the lithosphere as a viscous thin sheet of 100-km thickness (16) and making no assumptions about the rheology, we solved the force-balance equations (17) to determine the minimal vertically averaged deviatoric stress tensor field consistent with GPE variations (18). We determined deviatoric stresses over the entire western United States to avoid boundary effects but in the inversion described below only considered the gridded region in Fig.  2A , where strain rates determined there (2) help constrain stress boundary conditions. The stress tensor field due to GPE variations inferred from the topographic data ( Fig. 2A ) predicts absolute magnitudes of compressive stresses of ϳ10 MPa (100 bars) offshore of California and extensional stresses in the Basin and Range of 5 to 7.5 MPa. Although roughly E-W extension is predicted at the Wasatch Range, extensional stresses in the Great Basin are oriented at ϳ45°to the regional extension direction there. Therefore, GPE variations are insufficient to generate all Great Basin extension, and plate interaction must also be playing an important role.
Assuming an isotropic relation between stress and strain rate (19), we determined stress field boundary conditions associated with plate interaction (20). These stress boundary conditions are found by matching the tensor styles of the total deviatoric stresses, combining the influences of both GPE variations and plate interactions, to the tensor styles of the observed strain rates. Strain rates in the 12 areas containing the San Andreas fault were not used in our calculations because the directions of principal strain rate there and inferred directions of principal stress are known to differ (21) , implying an anisotropic relation between stress and strain rate (22) . The deviatoric stress field due to plate interaction (Fig. 2B ) predicts stresses consistent with strike-slip behavior with a tensional component throughout the region.
The vertically averaged total deviatoric stress field [linear sum of the stresses from GPE variations ( Fig. 2A) and plate interactions ( Fig. 2B ) (23)] (Fig. 2C) predicts the direction and style of all major deformation within the western United States in accord with other stress estimates (21) . In the model, compressional stresses on the San Andreas fault were rotated ϳ60°to the fault strike along the entire length of the fault. We showed that GPE variations ( Fig. 2A) were responsible for orienting compressional deviatoric stresses at a high angle to the coastline (Fig. 2C ) and for producing some of the convergent motion between the Sierra Nevada block and the Pacific Plate (Figs. 1 and  2D ). We also showed that plate boundary interaction influences Great Basin extension, confirming that the history of extension in the Great Basin is linked with the history of PA-NA motion (8) .
The total deviatoric stresses determined with GPE variations inferred from geoid data (Fig. 3 ) and those obtained with topographic data (Fig. 2C ) differ most consistently offshore of California, where the stresses from geoid data were half as large. Elsewhere, the (2) determined with GPS and VLBI data (red arrows) (1), Quaternary fault data (3), and imposed NUVEL-1A plate motion (4) . Ellipses represent a 95% confidence limit. Blue dots represent seismicity recorded from 1850 to 1998. GV, Great Valley; B&R, Basin and Range; CP, Colorado Plateau; SAF, San Andreas fault; SN, Sierra Nevada; GB, Great Basin. Longitude and latitude are given in degrees east and north.
two stress fields differ in magnitude by less than 50% and in direction by less than 5°a lmost everywhere.
Using the magnitude of the strain rate tensor derived for the western United States (2) and the magnitude of the total deviatoric stress tensor (Fig. 2C) , we calculated vertically averaged effective viscosities (19) for the region (Fig. 4) ). This contrast in effective viscosity is consistent with tomography results that suggest a depleted upper mantle in the central Great Basin (effectively strong) versus an upper mantle containing partial melt in the western Great Basin (effectively weak) (24) . Relatively low values of effective viscosity in the lower crust and upper mantle (of order 10 18 Pa⅐s) (25) , when compared with our higher vertical averages, suggest that strong brittle upper crust is important in supporting the topography.
In all areas east of the San Andreas fault, we scaled our stress tensor by the inverse of the scalar effective viscosity to determine a combined kinematic and dynamic strain rate field (magnitudes the same as observed strain rates, but tensor style the same as stresses). From this strain rate field, a self-consistent horizontal velocity field (Fig. 2D) was determined with the method described by (26) .
The resulting flow field from the scaled stresses from GPE differences and plate interactions (Fig. 2D) resembles the kinematics inferred from recent GPS observations in the Basin and Range and Sierra Nevada (Fig. 1) , confirming indirectly the good match we obtained between the tensor styles of the stress and the original strain rates. The self-consistent flow field determined from strain rates calculated by scaling the total stress tensor field (C) by the inverse of viscosity (Fig. 4) for all areas east of the San Andreas fault (32) . (Fig. 2C) by the magnitude of the strain rate (2) for each grid area determined from the self-consistent kinematic model ( Fig. 1) .
High-Speed Electrically Actuated Elastomers with Strain Greater Than 100%
Ron Pelrine,* Roy Kornbluh, Qibing Pei, Jose Joseph Electrical actuators were made from films of dielectric elastomers (such as silicones) coated on both sides with compliant electrode material. When voltage was applied, the resulting electrostatic forces compressed the film in thickness and expanded it in area, producing strains up to 30 to 40%. It is now shown that prestraining the film further improves the performance of these devices. Actuated strains up to 117% were demonstrated with silicone elastomers, and up to 215% with acrylic elastomers using biaxially and uniaxially prestrained films. The strain, pressure, and response time of silicone exceeded those of natural muscle; specific energy densities greatly exceeded those of other field-actuated materials. Because the actuation mechanism is faster than in other high-strain electroactive polymers, this technology may be suitable for diverse applications.
New high-performance actuator materials capable of converting electrical energy to mechanical energy are needed for a wide range of demanding applications, such as mini-and microrobots, micro air vehicles, disk drives, flatpanel loudspeakers, and prosthetic devices. Many types of candidate materials are under investigation, including single-crystal piezoelectric ceramics (1) and carbon nanotubes (2) . Electroactive polymers are of particular interest because of the low cost of materials and the SRI International, 333 Ravenswood Avenue, Menlo Park, CA 94025, USA.
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